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[57] ABSTRACT 
System and method for locating resistive faults and 
interconnect errors between the conductors of a cable 
such as a telephone cable. An alternating magnetic ?eld 
is applied to the cable at successive points along the 
same and the signal produced by the induced voltage is 
monitored at one end of the cable. With a resistive fault 
or an interconnect error, the signal at the end of the 
cable is discernibly greater when the magnetic ?eld is 
applied between the sensor and the fault than when the 
?eld is applied beyond the fault. In either case, the 
location of the fault is indicated by the change in the 
sensor signal as the ?eld is applied at points on opposite 
sides of the fault. The signal information is communi 
cated to the person who is applying the magnetic ?eld 
to the cable for use by him in locating the fault. 

6 Claims, 4 Drawing Figures 
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SYSTEM AND METHOD FOR LOCATING 
RESISTIVE FAULTS AND INTERCONNECT 
ERRORS IN MULTI-CONDUCTOR CABLES 

This invention pertains generally to the location of 
faults in cables and more particularly to a system and 
method for locating resistive faults and interconnect 
errors between the conductors of a cable such as a tele 
phone cable. 

Resistive faults are most often caused by water enter 
ing the cable through imperfections or damage to the 
outer protective covering. Overhead cables are subject 
to humidity, rain and temperature variations, and under 
ground cables are subject to ground water. This water 
will rapidly deteriorate paper insulation or will travel to 
points where the insulation is imperfect, for example, at 
splice locations, and will cause resistive paths between 
several conductors and/or the metallic shield, if any, of 
the cable. Resistive faults can cause problems such as 
noise, circuit failure, arc-over, and corrosion. 

Interconnect errors are caused by human error in 
splicing sections of cable together. The most common 
interconnect error is failure to match both conductors 
of a pair from one section to the same pair in the next 
section of cable. The two pairs are thus unbalanced and 
are subject to excessive noise pick-up from external 
magnetic or electrostatic ?elds. More complex inter 
connect errors are also common in the ?eld. ' 

Techniques currently employed to locate resistive 
faults between the conductors of a cable include bridge 
measurements, time-domain reflectometry, tracing of 
applied currents with a search coil, and the application 
of high voltages to weld the faulted conductors to 
gether so that the fault can then be located by one of the 
other techniques. All of these techniques are subject to 
certain limitations and disadvantages. Bridge measure 
ments require a good ungrounded conductor; knowl 
edge of the resistance, length and gauge of the section 
under test; and a series of calculations to resolve these 
factors into distance. Time-domain measurement re 
quire a high degree of interpretive skill by the operator, 
the ability to detect faults greater than about 10 times 
the impedance of the conductors under test is limited, 
and such measurements are further limited by foreign 
circuit elements such as bridge lifters, loading coils and 
built-out capacitors in telephone cables. Systems utiliz 
ing an unshielded search coil or inductor known as a 
search coil to trace an applied current are subject to 
interference from electrostatic and electromagnetic 
noise, and require application of relatively high currents 
which can produce temporary clearing of the resistive 
faults due to the heating of moisture in the area of the 
fault. The “burn-out” technique, or application of a 
high voltage, is hazardous to both the customer and 
persons working on associated cables and, in addition, 
frequently causes faults in otherwise unfaulted conduc 
tors due to arc-over. 

Interconnect errors in paired multi-conductor cables 
are most commonly located by the use of a search coil 
to trace an applied alternating current; time-domain 
reflectometry measurements; or by capacitance ratio 
measurements. The search coil method is subject to 
limitations as discussed above; time domain and capaci 
tance ratio techniques require interpretive skill and 
errors may result from manufacturing irregularities and 
factors which alter the dielectric properties or physical 
characteristics such as length or diameter of the cable. 
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2 
It is in general an object of the invention to provide a 

new and improved system and method for locating 
faults in cables. 
Another object is to provide a system and method of 

the above character which can be employed for locat 
ing either resistive faults or interconnect errors. 
Another object is to provide a system and method of 

the above character which overcome the disadvantages 
and limitations of the techniques heretofore employed 
for locating resistive faults and interconnect errors. 
These and other objects are achieved in accordance 

with the invention by applying an alternating magnetic 
?eld to the cable at successive points along the same and 
monitoring the signal produced by the induced voltage 
at one end of the cable. With a resistive fault or an 
interconnect error, the signal at the end of the cable is 
discernibly greater when the magnetic ?eld is applied 
between the sensor and the fault than when the ?eld is 
applied beyond the fault. In either case, the location of 
the fault is indicated by the change in the sensor signal 
as the ?eld is applied at points on opposite sides of the 
fault. The signal information is communicated to the 
person who is applying the magnetic ?eld to the cable 
for use by him in locating the fault. 
FIG. 1 is a block diagram of one embodiment of a 

system for locating faults in cables according to the 
invention. 
FIG. 2A illustrates the use of the system of FIG. 1 to 

locate an interconnect error. 
FIG. 2B is a schematic diagram illustrating the inter 

connect error of FIG. 2A. 
FIG. 3 is a fragmentary block diagram of another 

embodiment of a system incorporating the invention for 
locating faults in cables. 

In the drawings, the fault-locating system is illus 
trated in connection with a cable 11 having a plurality 
of conductors which are arranged in pairs. Such cables 
are commonly utilized in the telephone industry and in 
other communications systems, and in some instances 
they include a metallic shield. As illustrated in FIG. 1, 
the system includes means for applying an alternating 
magnetic ?eld to the cable at successive points along the 
same to induce a small voltage, e. g., a few rnillivolts, on 
the conductors. This means comprises a suitable source 
12 with means for applying the ?eld to the cable such 
that the conductors are cut by the lines of force gener 
ated by the source. The voltage generated in the con 
ductors by the source is a function of magnetic ?eld 
intensity, and since non-paired conductors will nor 
mally be at different distances from the magnetic ?eld 
source,_a small differential voltage, e.g., several micro 
volts, will exist between these conductors. The alternat 
ing ?eld preferably has a frequency in the sub-audible 
range (e. g., 300 Hz or less), and a frequency of about 30 
Hz or less has been found to be particularly satisfactory. 
The low frequency permits effective rejection of power 
line frequencies and harmonics thereof, and interwire 
capacitance and normally encountered transmission 
enhancement devices such as load coils, built-out capac 
~itors, bridge lifters, etc., present relatively insigni?cant 
series or shunt impedances. In addition, ?lters and other 
circuits for use with frequencies in this range can be 
constructed with components of standard values. 
Means is provided for monitoring the signal pro 

duced in the conductors by the alternating magnetic 
?eld and transmitting this information to the person 
applying the ?eld to the cable. In the embodiment illus 
trated, this means includes a current sensor 14 which 
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produces an output voltage corresponding to the input 
current applied thereto. The sensor is connected to the 
conductors at one one end of the cable in a manner 
discussed more fully hereinafter. Differential voltage 
between non-paired conductors will cause current to 
flow through the fault and the sensor. The sensor is 
preferably shielded to permit detection of the induced 
signal even in the presence of electrostatic and electro 
magnetic interference. 
The output of the current sensor is connected to the 

input of an ampli?er 16, and the output of the ampli?er 
is connected to the input of a band-pass ?lter 17 which 
is tuned to the frequency of the alternating ?eld. The 
output of the ?lter is connected to the input of an ampli 
?er 18, and the output of this ampli?er is connected to 
the input of a modulator 19 for modulation onto a car 
rier from an oscillator 21. The output of the modulator 
is connected to an ampli?er 22, and the output of this 
ampli?er is coupled to the cable by suitable means such 
as a coupling capacitor 23. Thus, in the embodiment 
illustrated, the cable itself is utilized as a transmission 
line for carrying information about the signal produced 
by the ?eld back to the person applying the ?eld. How 
ever, it should be understood that any suitable commu 
nications link can be employed for this purpose. 
.Means is provided for receiving the signal transmit 

ted over the cable and processing this signal to deter 
mine the location of the fault. This means includes a 
pickup coil 26 coupled to the cable and connected to the 
input of an ampli?er 27. This ampli?er is tuned to selec 
tively pass the modulated carrier or received signal. 
The output of the ampli?er is connected to the input of 
a mixer 28 where the received signal is combined with 
a signal from an oscillator 29 to produce an audio signal 
which is delivered to the input of a tone gate 31. The 
output of this gate is connected to the input of an audio 
ampli?er 32, and the output of this ampli?er is 'con 
nected to a speaker 33. 
The output of ampli?er 27 is also connected to the 

input of a demodulator 36, and the output of the demod 
ulator is connected to the input of a level detector 37. 
The output of the level detector is connected to the 
control input of tone gate 31 to control the passage of 
the audio signal from mixer 28 to ampli?er 32. In the 
preferred embodiment, the level detector has an adjust 
.able threshold level which, as discussed more fully 
hereinafter, permits the system to be utilized for locat 
ing a plurality of faults along the cable. 

In the preferred embodiment, elements 26-37 are 
combinedwith ?eld source 12 in a portable test set 
which can be moved along the cable as desired. 

Operation and use of the system of FIG. 1 and therein 
the method of the invention for locating a resistive fault 
are as follows. It is assumed that the fault, designated 38 
in FIG. 1, exists between two non-paired conductors 
39,41 at an unknown location along the cable. The in 
puts of the current sensor are connected to the faulted 
conductors at a pedestal or other convenient point 
toward one end of the cable. At a convenient point 
beyond the fault, the conductors under test are left 
unterminated. When the alternating magnetic ?eld is 
applied to the cable, it induces unequal voltages in non 
paired conductors 39,41. When the ?eld is applied at 
points between the sensor and the fault, the induced 
unequal voltages produce a discernible current which 
flows through the fault and is detected by sensor 14. 
When the ?eld is applied beyond the fault, no current 
will flow, since the conductors are unterminated, and 
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4 
there is no current for the sensor to detect. In the ab 
sence of a sensed current, the received carrier signal is 
combined with the signal from oscillator 29 in mixer 28 
to produce an audio signal which passes through gate 31 
to ampli?er 32 and speaker 33 to produce an audible 
tone which indicates that the system is operating prop 
erly. When sensor 14 detects a signal current and the 
output of demodulator 36 reaches the threshold level of 
level detector 37, gate 31 is disabled, interrupting the 
tone from the speaker. The tone then cycles on and off 
at a rate corresponding to the frequency of the magnetic 
?eld. ‘ 

The location of the fault is determined by applying 
the magnetic ?eld at a point somewhere along the cable. 
If a signal current is detected when the ?eld is applied, 
the ?eld is being applied between the sensor and the 
fault, and the test set is moved toward the unterminated 
end of the cable until the signal current disappears. If no 
signal current is detected when the ?eld is applied, the 
?eld is being applied beyond the fault, and the test set is 
moved toward the sensor until the signal current ap 
pears. The point at which the signal current changes, 
i.e., appears or disappears, is the location of the fault. 
As indicated hereinbefore, the system of FIG. 1 can 

be utilized for locating a plurality of faults along the 
cable. Since the faults are in parallel, faults which are 
closer to sensor 14 will produce larger sensor currents 
than will faults which are located farther from the sen 
sor. Accordingly, by adjusting the threshold of level 
detector 37 for progressively larger signal currents and 
working toward the sensor, multiple faults can be lo 
‘cated. Such faults can also be located by progressively 
decreasing the threshold of the level detector and mov 
ing away from the sensor. . 
The system of FIG. 1 can also be utilized for locatin 

an interconnect error 43, as illustrated in FIGS. 2A and 
2B. This error consists of a cross-connection between 
the conductors of two pairs in the cable. As illustrated 
in FIG. 2B, prior to the fault, one pair consists of con 
ductors 1A,1B, and the other pair consists of conduc 
tors 2A,2B. At the fault, conductors 1B and 2A are 
cross-connected, resulting in faulted pairs after the fault 
consisting of conductors 1A,2A and conductors 1B,2B. 
In order to locate the interconnect error, the conduc 

tors of one of the faulted pairs (e.g., conductors 1B,2B) 
are connected together at a convenient point beyond 
the fault, and these same two conductors are connected 
to the inputs of current sensor 14 at a convenient point 
before the fault toward the other end of the cable. When 
the alternating magnetic ?eld is applied to the cable 
between the sensor and fault, unequal voltages will be 
induced on the nonpaired conductors 1B,2B, producing 
a current which is detected by sensor 14. When the ?eld 
is applied beyond the fault or interconnect error, the 
voltages induced in the two conductors will be substan 
tially equal, and no current will be sensed at the other 
end of the cable. The error is located by applying the 
?eld at successive points along the cable until the signal 
current changes as discussed above. 
The system illustrated in FIG. 3 is generally similar to 

the system of FIG. 1, and like reference numerals desig 
nate corresponding elements in the two embodiments. 
In FIG. 3, however, the output of mixer 28 is connected 
directly to the input of ampli?er 32, and the audio tone 
from speaker 33 is not interrupted upon detection of the 
signal current. In this embodiment, the output of de 
modulator 36 is connected to the input of an ampli?er 
51, and the output of this ampli?er is connected to a 
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meter 52 which provides a visual indication of the rela 
tive level of the signal current. 

Operation and use of the system of FIG. 3 is generally 
similar to that described above for locating either resis 
tive faults or interconnect errors. However, in this sys 
tem, the audio tone is delivered continuously, and the 
location of the fault is determined by observing meter 
52 as the magnetic ?eld is applied at different points 
along the cable. 

It is apparent from the foregoing that a new and im 
proved system and method for locating faults in cables 
has been provided. While only certain presently pre 
ferred embodiments have been described in detail, as 
will be apparent to those familiar with the art, certain 
changes and modi?cations can be made without depart 
ing from the scope of the invention as de?ned by the 
following claims. 
What is claimed is: 
1. In a system for use with a cable having a plurality 

of conductors for locating a resistive fault associated 
with two non-paired conductors of the cable and locat 
ing an interconnect fault due to a cross-connection be 
tween the conductors of two pairs of conductors of the 
cable establishing faulted pairs: a sensor for connection 
between said two non-paired conductors of the cable 
toward one end thereof in the case of a resistive fault 
and for connection on one side of the fault between the 
conductors of a faulted pair due to an interconnect error 
while said faulted pair is connected together at a point 
on the other side of the fault; means for applying an 
alternating magnetic ?eld at an audio frequency at suc 
cessive points along the cable to induce a voltage on the 
conductors to which the sensor is connected, said volt 
age producing a signal at said sensor of a ?rst predeter 
mined character when the magnetic ?eld is applied 
between the sensor and the fault and said voltage pro~ 
ducing a signal at said sensor of a second predetermined 
character when the ?eld is applied beyond the fault; 
means operatively connected to said sensor for monitor 
ing said signal produced at said sensor to determine the 
location of the fault, including means for transmitting a 
signal corresponding to said signal produced at said 
sensor over the cable to be monitored at the points 
where the magnetic ?eld is applied, said means for 
transmitting including a carrier source, means for mod 
ulating the carrier in accordance with said signal pro 
duced at said sensor, and means for applying the modu 
lated carrier to the cable; means movable along the 
cable for receiving the transmitted signal; means re 
sponsive to the received transmitted signal for generat 
ing an audio tone; means for demodulating the received 
transmitted signal; and means responsive to the level of 
the demodulated signal for interrupting said audio tone 
when the demodulated signal reaches a predetermined 
level. 

2. The system of claim 1 wherein the means for inter 
rupting the tone comprises a level detector having an 
adjustable threshold level and gate means controlled by 
the output of the level detector. 

3. In a system for use with a cable having a plurality 
of conductors for locating a resistive fault associated 
with two non-paired conductors of the cable and locat 
ing an interconnect fault due to a cross-connection be 
tween the conductors of two pairs of conductors of the 
cable establishing faulted pairs: a sensor for connection 
to said two non-paired conductors of the cable toward 
one end thereof in the case of a resistive fault and for 
connection on one side of the fault to the conductors of 
a faulted pair due to an interconnect error while said 
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6 
faulted pair is connected together at a point on the other 
side of the fault, means for applying an alternating mag 
netic ?eld at an audio frequency at successive points 
along the cable to induce a voltage on the conductors to 
which the sensor is connected, said voltage producing a 
signal of ?rst predetermined character in the sensor 
when the magnetic ?eld is applied between the sensor 
and the fault and producing a signal of second predeter 
mined character when the ?eld is applied beyond the 
fault, a carrier source, means for modulating the carrier 
in accordance with the sensor signal, means for apply 
ing the modulated signal to the cable for transmission 
therealong, means movable along the cable for receiv 
ing the transmitted signal, an oscillator, means for com 
bining the received signal with a signal from the oscilla 
tor to produce an audio signal, a transducer responsive 
to the audio signal, gate means controlling passage of 
the audio signal to the transducer, means for demodulat 
ing the received signal, and a level detector responsive 
to the demodulated signal connected to the gate means 
for interrupting the passage of the audio signal when the 
demodulated signal has a predetermined level. 

4. The system of claim 3 wherein the level detector 
has an adjustable threshold. 

5. In a method for locating a resistive fault between 
two non-paired conductors of a cable, the steps of: 
connecting a sensor between said two conductors 
toward one end thereof; applying an alternating mag 
netic ?eld at an audio frequency at successive points 
along the cable to induce a voltage on each of said two 
conductors, said voltages being unequal and producing 
a signal at said sensor of a ?rst predetermined character 
when the magnetic ?eld is applied between said sensor 
and the fault and said voltage being substantially equal 
and producing a signal at said sensor of a second prede 
termined character when the ?eld is applied beyond the 
fault; transmitting a signal over the cable and receiving 
the transmitted signal near the points where the mag 
netic ?eld is applied, wherein the transmitted signal 
comprises a carrier modulated in accordance with said 
signal produced at said sensor; generating an audio tone 
in response to the transmitted signal; demodulating the 
transmitted signal to provide a demodulated signal; and 
interrupting the audio tone when the demodulated sig 
nal reaches a predetermined level. 

6. In a method for locating an interconnect fault be 
tween two pairs of conductors in a'cable, the steps of: 
connecting one conductor of each pair together beyond 
the fault; connecting a sensor between the one conduc 
tor of each pair prior to the fault; applying an alternat 
ing magnetic ?eld at an audio frequency to the cable at 
successive points along the same to induce a voltage on 
each of the conductors connected to the sensor, said 
voltages being different and producing a signal at the 
sensor of a ?rst predetermined character in the sensor 
when the ?eld is applied prior to the fault and said 
voltages being substantially equal and producing a sig 
nal at the sensor of a second predetermined character 
when the ?eld is applied beyond the fault; transmitting 
a signal over the cable and receiving the transmitted 
signal near the points where the magnetic ?eld is ap 
plied, wherein the transmitted signal comprises a carrier 
modulated in accordance with the said signal produced 
at the sensor; generating an audio tone in response to 
the transmitted signal; demodulating the transmitted 
signal to provide a demodulated signal; and interrupting 
the audio tone when the demodulated signal reaches a 
predetermined level. 
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